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[57] ABSTRACT

An improvement in process for reinforcing a structure
against fatigue failure and the resulting structure are set
forth. The structure comprises joined weldable struc-
tural portions having adjoining surfaces which meet at a
junction and diverge therefrom to form a gap between
each other. A brace with weldable terminal feet spans
the gap. Each such foot rests against a structural por-
tion, and the brace is plug-welded to at least one of the
structural portions through a hole in a foot, or a hole in
a structural portion or holes in each such portion where
they interface. The invention is especially efficient for
bracing an air chamber bracket that is designed for

automotive use. A preferred rigid structure has the feet
welded at both ends.

11 Claims, 3 Drawing Sheets

1

/ )




U.S. Patent Feb. 8, 1994 Sheet 1 of 3 5,284,289




U.S. Patent Feb. 8, 1994 Sheet 2 of 3 5,284,289

29 N

° _ 29 ~o_

27

AN

e




U.S. Patent Feb. 8, 1994 Sheet 3 of 3- 5,284,289

56




5,284,289

1

PLUG-WELDED AUTOMOTIVE BRACKET FOR
AN AIR CHAMBER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mnvention relates to weldable structures such as
metal joints, bends and brackets that are braced with
gussets, specifically welded-on type gussets that im-
prove the resistance of such structures to fatigue failure
from vibration, and to an improved process for effecting
the bracing. |

2. Description of the Prior Art

The conventional welded-on metal gusset bracing a
rigid angular joining between a pair of diverging metal
surfaces against fatigue failure from vibration is trans-
verse to (usually normal to) and on edge towards both
such metal surfaces. Such “erect” or “plate-type” gus-
st is a triangle or trapezoid that typically fills in all or
most of the angle between such surfaces where they
intersect. Such gusset ordinarily is secured by boxing it
with fillet weld beads, that is the beads are deposited all
along the side edges and the far end edges of the gusset

where it meets the metal surfaces being braced. The
time required to so weld, for example, a mild steel trape-
zoidal gusset of this type that is approximately 5/16 inch
thick, is about three inches long on its longest side, and
reaches down to about one-half inch above the fillet-
welded right angle joint between two steel members, is
about three minutes using manually a gas metal arc weld
(GMAW) method skillfully. -
The instant process has as a principal virtue th

speeding-up of the welding process considerably, and
this without losing fatigue resistance of the resulting
gusseted joint in comparison to the same joint having a
conventional erect gusset of the same thickness and
maximum span. Additionally, the amount of metal in
the instant gusset structure for the same service can be
less than that in the conventional event gusset while
attaining essentially the same or better operating perfor-
mance. Thus, the instant structure represents apprecia-
ble economy and speed of assembly, as well as simplic-
ity and versatility of gusset design, manufacture, and
attachment onto the structure.
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The invention utilizes plug welds. A plug weld is a 45

deposit of weld metal inside a hole (not necessarily
circular in cross-section) that goes clear through one
weldable metal piece and abuts another weldable metal
piece. The weld connects the two pieces. Such welds
often substantially fill the weld hole, but need not do so
to be effective; a weld bead around the inner periphery
at the base of the weld hole in one piece of metal where
it abuts the other can be quite effective for many of the
instant structures.

Plug welds in various configurations have been used
heretofore to make connections between various metal
pieces, to make elements for various construction units,
and to make marine piling connections. However, to
depart from the conventional erect gusset with its fillet
welding attachment to the surfaces being braced, to
employ a footed type between joined diverging sur-
faces, and to plugweld the feet in place to brace such
surfaces against fatigue failure 1s believed novel as well
as being surprisingly economic and effective.

SUMMARY OF THE INVENTION

One aspect of the invention is a structure comprising
a pair of joined weldable structural portions, said struc-

55

63

2

tural portions having adjoining surfaces which meet at a
junction and diverge therefrom to form a gap between
each other; and
a brace having a bridging portion with two ends and
a weldable foot portion at each end,

said brace spanning the gap with one of its foot por-
tions being in contact with one of said structural
portions to form a first interface, and another of its
foot portions being in contact with the other of said
structural portions to form a second interface,

one of the contacting portions at each said interface
having a hole clear through it and a plug weld in
the hole, and

said plug weld attaching a foot portion to one of said

structural portions at the interface therebetween.

Another aspect of the invention is an improvement in -
process for bracing a bifurcated structure with a gusset,
the structure comprising two weldable structural por-
tions, said structural portions having adjoining surfaces
which meet at a junction and diverge therefrom to form
a gap between each other, the improvement compris-
ing:

disposing a brace across the gap, the brace having a

bridging portion with two ends and a weldable foot
portion at each end,

one of the foot portions being in contact with one of

said structural portions to form a first interface, and
the other of said foot portions being in contact with
the other of said structural portions to form a sec-
ond interface,

one of the contacting portions at each interface hav-

ing a weld hole clear through it;

welding a plug weld in said weld hole at each said

interface, and

said plug weld attaching a foot portion to one of said

structural portions.

The novel structure, apart from any gusset or strap,
may be basically a bent piece of weldable metal, usually
flat stock. More frequently, however, the structural
portions being braced are joined by welding, such as
fillet welding. Most of the elements being welded will
comprise steel, and most of the intersections or bends so
braced will project from each other at substantially a
right angle. The ordinary filiet weld 1s a weld of approx-
imately triangular cross section joining two surfaces at
right angles to each other in a lap joint, T-joint, or
corner joint. However, in this application, intersection
of the two surfaces also may form an acute or obtuse
angle instead, and the intersection may define a straight
or curved line that may be in a single plane or in more
than one plane.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmentary plan view of an air chamber
bracket intended for a heavy-duty truck brake applica-
tion;

-FIG. 2 is a fragmentary side elevation of the bracket
of FIG. 1;

FIG. 3 is a portion of FIG. 2 that shows a suitable
plug welding arrangement which is an alternative to
that shown in FIG. 2;

FIG. 4 is the frontal elevation view of a suitable alter-
native strap gusset for use in this invention;

FIG. §1s a side elevation of the strap gusset of FIG.
4;

FIG. 6 is the frontal elevation view of another suit-
able aiternative strap gusset for use in this invention;
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FIG. 7 is a side elevation view of the strap gusset of
FIG. 6;
FIG. 81s a side elevation of a splay-footed gusset with

a bndgmg portlon of substantially square cross-section
for use in this invention;

FIG. 9 is a frontal elevation of the gusset of FIG. 8;

FIG. 10 is a cross-sectional view taken through plane
of line 10—10 of FIG. 9;

FIG. 11 is a side elevation of another splay-footed
gusset with a bridging portion of round cross-section
for use in this invention;

FIG. 12 is a frontal elevation of the gusset of FIG. 11;
and

FIG. 13 is a cross-sectional view taken through plane
of line 13—13 of FIG. 12.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIGS. 1 and 2, the air chamber bracket
is dwgnated generally at 1. A steel arm 11 (grade SAE
1018) is fillet-welded by bead 13 to a mild steel barrel 12
(same grade of steel) to form a nght angle joint between
the arm and the barrel. The arm 11 is 7/16 inch in thick-
ness; the barrel 12 is § inch in thickness. Bracing and
stlffenmg the joint is a low carbon steel stamping,
namely, strap 14, 1 inch wide, about 3 inches long over-
all, and 5/16 inch thick. It is formed with its feet 16 and
17 having their essentially flat contact surfaces bearing
on arm'11 and barrel 12, respectively, at the bottoms of
the weld holes 18 and 18’ respectively, in the strap.

This type of gusset can be thought of as a “strap
gusset.” It preferably will be not substantially less than
about 0.1" thick for imparting stiffness to a rcsultmg
structure. While it can be thicker, about %-inch is a
generally preferred maximum thickness for a gusset of
this type.

In each foot of the strap 14 1s a 4 inch diameter hole,
specifically hole 18 and hole 18'. Plug weld 15 in hole 18
and plug weld 20 in hole 18’ may be made by gas metal
arc welding a 0.045 inch diameter low carbon steel wire
(specification AWS AS5.18-79, E70S-6) in, and practi-
cally filling the holes 18 and 18'. The plug welds affix
the strap 14 to the barrel 12 and arm 11. This welding
can be completed manually in 25 seconds or less. The
main contact surfaces between feet 16 and 17 of strap
gusset 14 and the diverging steel arm 11 and barrel 12
are the interfacial contact zones right around the bot-
toms of the holes 18 and 18'. By way of contrast, a
conventional -inch thick trapezoid-on-edge (‘“‘erect™)
gusset for the same service, one fitting erectly between
arm 11 and barrel 12 and standing normal to both those
elements, the trapezoid having about 3-inch long base, a
1-inch long opposite parallel side, and fillet welds run-
ning around its side and far end edges where it contacts
the arm 11 and the barrel 12, takes about three minutes
to weld manually using skillful GMAW practice.

An air chamber (not shown) which the bracket 1 is
designed to carry may be bolted to the arm 11 to pro-
vide an actual cantilevered loading on the fillet-welded

joint made with bead 13. The bracket 1 then may be -

subjected to an accelerated fatigue test at its resonant
vibrational frequency. The weld 13 is deemed to have
failed when a 1-inch long crack in the weld or along the
weld toe can be seen to open and close (a “breathing
crack“), as viewed with the naked eye under strobo-
scopic illumination. Such failure by fatigue cracking of
the weld may occur at about 50,000 cycles or higher.
This is considered to be satisfactory for the particular
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truck part; such performance is about the same as when
the conventional erect gusset described above is used.
Without a gusset, the fatigue life of such bracket (until
the above-described failure) may be as low as
3,000-20,000 cycles of vibration.

Referring to FIG. 3, a plug weld 20’ substantially fills
weld hole 18" in arm 11 and attaches the imperforate
foot 16 of the strap gusset 14 to the arm 11.

Where an interface between a strap gusset foot and a
structural portion to which it is to be plug-welded is
accessible for welding from each side, the weld hole (or
a plurality of weld holes) for the attachment of the foot
to said structural portion can be made in either said
member or in such foot. If more than one plug weld is
made in a particular foot, all the plug welds for that foot
may be in weld holes in that foot, or all in weld holes in
the structural portion contacting that foot, or part of
number in one such place and the rest in the other.
Having all the weld holes with all the plug welds in
each foot of such footed gusset is normally preferred for
convenience of access.

The steel strap gusset of FIGS. 4 and § is indicated, as
at 4. Its bridging portion 26 is intended to span the gap
across an orthogonal corner made by a pair of joined
flat steel structural portions (not shown) and brace the
resulting corner against fatigue failure. The bridging
portion 26 rises at a 45° angle from the horizontal plane,
and it faces the viewer of FIG. 4 obliquely.

The gusset 4 has a base foot 28 and an upper foot 27.
Foot 28 is the strap end bent to the left to lie flat on one
of said flat structural portions. Foot 27 is the strap end
bent to the right and upward to lie flat on the other
structural portion. Foot 28 has weld hole 31 through it
for a plug weld (not shown) to attach the foot 28 to one
of the structural portions; foot 27 has weld hole 29
through 1t for a plug weld (not shown) to attach the foot
27 to the other of the structural portions. Either or both
of the feet may be bent to conform to other than flat
structural surfaces if necessary or desirable.

The steel strap gusset of FIGS. 6 and 7 is indicated
generally by arrow 6. It is intended for the same sort of
use as is the gusset 4 of FIGS. 4 and 5, described above.
The feet 37 and 38 of gusset 6 at the ends of bridging
portion 36 of gusset 6 both are bent strap ends pointing
directly to the left. Weld holes 39 and 41 are for the
plug welds not shown.

Referring now to FIGS. 8-13, the footed gusset mdl-
cated generally by arrow 8 in FIGS. 8 and 9 and the
footed gusset indicated generally by arrow 12 in FIGS.
11 and 12 are for service like that of the strap gussets 4
and 6 of FIGS. 4 and 5, respectively. However, the
bridging portion 51 of gusset 8 of FIGS. 8 and 9 has a
substantially square cross-section. Holes 53 and 56 for
plug welds (not shown) are in its integral splayed-out
ends 52 and 54, respectively. The bridging portion 61 of
gusset 12 of FIGS. 11 and 12 has a substantially circular
cross-section. Holes 63 and 66 for plug welds (not
shown) are in its integral splayed-out ends 62 and 64,
respectively. The feet of these gussets 8 and 12 may be
welded onto or pressed out from the metal stock of their
respective bridging portions 51 and 61, if desired.

Also, If desired, the strap gusset can be solid or perfo-
rate, flat, corrugated, ridged or ribbed. There can be, if
desired, more than one weld hole and plug weld there-
through at each interface between the strap and an
abutting member to be braced. Normally, one plug weld
i1s adequate when the periphery of the weld hole is
ample for a strong weld. If desired, the extreme ends of
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the feet 16 and 17 of FIG. 1, for example, also can be
fillet-weided to the abutting metal structural members,
but this usually is not needed to make a serviceable
connection, e.g., for an air chamber bracket for an auto-
motive truck. Melting weld holes through the gusset
feet and/or the structural members being braced is not

as effective as is boring, cutting or punching out the
weld holes.

While the preferred weld hole for the plug weld is at

least about } inch in diameter for efficiency and econ-
omy, such weld hole can have other configurations, if
desired. Thus, the plan view of the hole can be, for
example, oval, square, or triangular.
The various useful welding processes for the plug
~ welds are fusion welding processes, and they include:
gas metal arc welding (GMAW, the first choice); gas
tungsten arc welding (GTAW, the second choice);
plasma arc welding (PAW); shielded metal arc welding
(SMAVW); plasma transferred arc welding; and sub-
merged arc welding. Other suitable welding processes
include laser beam welding and electron beam welding.
The preferred ones lend themselves to especmlly good
control of the energy input to and the weld size of the
plug weld. Oxyfuel welds could be used, but generally
are thought too slow to be truly practical.
Unless expressly stated otherwise herein, the welding
terms used herein are those defined by the American
Welding Society in its 1985 publication ANSI/AWS-A
3.0-85 entitled “Standard Welding Terms and Defini-
tions.” The principal and preferred metals here are
ferrous, e.g., mild steel and stainless steels. Other weld-
able metals include nickel, cobalt, aluminum, titanium,
magnesium, copper and some bronzes.
Many other modifications and variations of the inven-
tion will be apparent to those skilled in the art in the
light of the foregoing disclosure and drawings. There-
fore, it is to be understood that, within the scope of the
appended claims, the invention can be practiced other-
wise than has been specifically shown and described.
What is claimed is:
1. A fatigue resistant automotive air chamber bracket
comprising a pair of joined weldable automotive struc-
tural portions subject to dynamic fatigue loading, said
structural portions having adjoining surfaces which
meet at a junction and diverge therefrom to form a gap
therebetween,
a brace having a bridging portion with two ends and
a weldable foot portion at each end thereof,

said brace spanning the gap with one of its foot por-
tions having a contact surface in contact with a
contact surface of one of said structural portions to
form a first interface, and another of its foot por-
tions having a contact surface in contact with a
contact surface of the other of said structural por-
tions to form a second interface,

at least one of the contact surfaces having a hole

extending therethrough and a plug weld disposed
in the hole, and

said plug weld attaching one of said foot portions to

an associated structural portion at the interface
therebetween.

2. The bracket of claim 1 wherein said plug weld is
disposed in a weld hole in a foot portion of the brace,
and the structural portions and the brace comprise fer-
rous metal. |

3. The bracket of claim 1 wherein one of said contact
surfaces is attached to one of said foot portions by a
plug weld disposed in a weld hole in one of said struc-
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tural portions, and the structural portions and the brace
compnse ferrous metal.

4. The bracket of claim 1 wherein said structural
portions are steel and joined by a fillet weld, the brace
comprises a steel strap that is at least about § inch wide
and at least about 0.1 inch thick, said brace having bent
ends which include said foot portions, the holes for the
welds are in said foot portions and are essentially cylin-
drical, and the plug welds in said holes are gas metal arc
welds.

5. A fatigue resistant automotive air chamber bracket
comprising:

a pair of steel automotive structural portions subject
to dynamic fatigue loading joined by a filiet weld,
thereby having their adjoining surfaces diverging
to form a gap between them;

a steel strap spanning said gap and bracing said struc-
tural portions, the strap being a stamping having a
pair of foot portions, the foot portions being bent
ends of the strap,

one of said foot portions bearing on one of said ad-
joining surfaces to form a first interface,

the other of said foot portions bearing on the other of
said adjoining surfaces to form a second interface,

each foot portion having at least one weld hole ex-
tending therethrough at an interface, and

each of said foot portions having a plug weld dis-
posed 1n said hole, said plug weld attaching each
respective foot portion to the structural portion on
which it bears.

6. The bracket of claim § wherein the weld holes are
substantially round and are at least about $ inch in diam-
eter, said structural portions are a barrel and an arm of
said air chamber bracket, and the strap is a metal stamp-
ing that is at least about 4 inch wide and at least about
0.1 inch thick.

1. In a process for bracing an automotive air chamber
with a gusset to form an air chamber bracket subject to
dynamic fatigue loading, the bracket comprising two
weldable automotive structural portions, said structural
portions having adjoining surfaces which meet at a
junction and diverge therefrom to form a gap between
each other, the improvement which comprises:

disposing a gusset across the gap, the gusset having a
bridging portion with two ends and a weldable foot
portion at each end,

one of the foot portions having a contact surface in
contact with a contact surface of one of said struc-
tural portions to form a first interface, and the
other of said foot portions having a contact surface
in contact with a contact surface of the other of
said structural portions to form a second interface,

at least one of the contacting portions having a hole
there through and

welding a plug weld in said hole,

said plug weld affixing a foot portion to one of said
structural portions.

8. The process of claim 7 wherein said plug weld is
disposed in a hole in a foot portion of the gusset, and the
gusset and the structural portions comprise ferrous
metal.

9. The process of claim 7 wherein at least one of said
contact surfaces is affixed to a foot portion by welding
a plug weld in a hole in one of said structural portions,
and the gusset and the structural portions comprise
ferrous metal.

10. The process of claim 7 wherein said structural
portions are steel and are joined by a fillet weld, the
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cylindncal, and wherein the welding step is performed
by gas metal arc welding.
wide and at least about 0.1 inch thick, the strape having 11. The process of claim 7 wherein one of said struc-

tural portions is an automotive air chamber and the
5 other of said structural portions is an arm.
plug welds are in said foot portions and are essentially * % 3 % =

brace comprises a steel strap that is at least about 4 inch

bent ends which include said foot portions, the holes for
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